Course related projects have long been widely regarded as critical component of engineering education. They are an important way to assess how well the students have learnt the theoretical material and how skillfully they can apply it to real life situations. At Rowan University a Material and Manufacturing course is offered every spring semester. For the Spring 2015 semester a hands-on lab component on material testing was conducted while for Spring 2016 a software simulation based project was assigned. The objective was to assess a key pedagogical parameter "achievement of ABET student outcomes", focusing mainly on (a) an ability to design and conduct experiments, as well as to analyze and interpret data, (b) an ability to design a system, component, or process to meet desired needs within realistic constraints and (c) an ability to communicate effectively. The paper will discuss the experimental methods (uniaxial tensile testing, cyclic tensile-relaxation testing on stainless steel ASTM dog-bone samples), evaluation techniques and results obtained in assessing students' knowledge on the course topic, their programming and data analysis skills, their skill at learning and using engineering tools such as simulation software, and the effect such an activity has on their performance on the inclass exams. We also discuss some of the simulation analysis performed by the students to investigate the material behavior under various loading conditions and the results interpreted by them in their reports.
The business of making things or manufacturing, has always been at the heart of the US economy. After the recent wake-up call -the great recession of 2007-2009, academic, business, and government leaders have experienced a renewed realization of the importance of developing a high-tech industrial manufacturing base in America in order to solve some of the most challenging issues confronting the world today and restore the global American economic competitiveness. Manufacturing education and training seems to be a likely answer. In 2011 approximately 4.5 % of engineering students in the US graduated with a Manufacturing degree 1 .
Currently ABET requires manufacturing to be an optional consideration for measuring learning outcomes for engineers.
Studies reveal that one the biggest challenges facing the US is increasing student interest and retention in materials science and manufacturing undergraduate disciplines 1 . Along with teaching students, the fundamental concepts of materials science and manufacturing at the undergraduate level, emphasis should be placed on developing research based skills which is crucial for remaining competitive in an international workforce, and developing the next generation of educators and industrial leaders. Material Science and Manufacturing, both being rapidly evolving disciplines, always present us with the challenge 'to define what constitutes a core knowledge base in those disciplines?' and 'how should they be taught?'
In most of the universities the undergraduate materials and manufacturing course is split into 'Materials Science' and 'Manufacturing Science' courses. The material science courses are focused on the study of structure, properties, synthesis and applications of different materials;
while the manufacturing courses are focused on the applications and principles of different technologies, machines, processes and their control procedures in producing a product. The low enrollment and retention of students in these disciplines raises concerns about the impact of the curriculum and teaching methods being practiced in these courses. Some of the recent efforts to attract a larger student pool to these disciplines are (a) creating an awareness of the impact of materials science and manufacturing in our lives, to kindergarten through K-12 students (b)
inviting students to attend Open Houses where the prospective students learn more about these courses, the student's involvement in the research/project activities of the department, material and manufacturing professional societies (c) offering undergraduates summer/semester long research opportunities through REU programs (d) offering online/hybrid courses, etc.
At Rowan University there are a couple of courses taught in the materials and manufacturing discipline by the Mechanical, Civil and Chemical engineering departments. However neither a degree nor a minor is offered in either Materials Science or Manufacturing. One of the courses currently being taught at the freshmen level in the Mechanical department is general engineering course, known as Materials and Manufacturing Engineering (MSME). It is a classroom based 3 credit hour course. The total student population for spring 2015 semester was 106 students while for spring 2016 semester was 93. The first 7.5 weeks of the semester were used for teaching topics in Material Science while the remaining 7.5 weeks covered the basics of manufacturing science. The breakdown of the materials and manufacturing portions of the course is shown in Table 1 . In order to enhance the student learning experience and qualitatively measure the ABET outcomes mentioned in Table 2 , the students were assigned course project component comprising 15% of the course grade. For spring 2015 the course project consisted of a set of hands-on laboratory experiments on material testing while for spring 2016 a non-hands-on project was assigned. For spring 2016 the students were required to simulate a material property or a basic manufacturing process using any finite element analysis software, or write a short review article on a topic closely related to the subject of materials and manufacturing. It was intended to add enrichment to the learning experience beyond the confines of the traditional classroom and positively impact a students' academic performance. This would also lead to development of better pedagogical practices by the engineering faculty, help the college to better meet the ABET objectives by answering pertinent questions related to materials and manufacturing course 2 . 
The students should develop an ability to design a system, component, or process to meet desired needs within realistic constraints,
The students should develop an ability to communicate effectively.
(K) An ability to use the techniques, skills and modern engineering tools necessary for engineering practice
One of the long term strategy is to develop a richer curriculum for Materials and Manufacturing and establish guidelines that could be incorporated into future degree specialization courses.
The project outcomes were measured on the basis of grades received by the students on the midsemester exams as well as on the final exams.
Project description

Spring 2015
The project objective was to study the mechanical response of thin aluminum and steel ASTM specimens under uniaxial tensile and cyclic loading. Four membered student groups were formed for a total of twenty-seven groups. Using SolidWorks, a CAD drawing of a standard tensile specimen (ASTM E8 / E8M -13a, shown in Figure 1 ) was to be made. Each group was required to water-jet cut three tensile specimens each, of aluminum and steel on a 2626 Jet Machining Center device. These tensile specimens were subjected to uniaxial monotonic as well as cyclic tensile tests on a MTS 831.10 tensile testing machine. The test profiles have been shown in Figure 2 . Strain was calculated by measuring the separation of two reference points marked initially 3 inches apart, considered as the gauge length of the specimen. A 50kN Instron load cell was used for measuring the load values.
Rockwell Hardness: After the tensile testing one of the fractured pieces of the steel specimen was tested for hardness on the Rockwell B scale (Figure 4 ).
The criteria set for choosing the uniaxial tensile and cyclic test parameters was that the deformation rate was fast enough to be easily observable and a typical sample failure would occur within 4 minutes. The cyclic test parameters were chosen such that the entire cyclic test could be conducted within 8 minutes and the strain hardening induced would be significant enough to shift the fracture strength appreciably. 
Data analysis and reporting
After conducting the experiments the students were required to write a project report discussing the following information mentioned below:
(1) Description of the test procedure and the test equipment and water jet cutting process, (2) The load-displacement and the corresponding true stress-strain plots for both monotonic tensile and cyclic tests, (3) On the basis of the acquired data and constructed plots, to report the elastic modulus values, yield strength, ultimate tensile strength, failure strength, strain hardening, elastic and plastic regimes ( Figure 5 ) and the material ductility ( Figure 6 ).
(4) From the cyclic curves ( Figure 7 ) the students were required to calculate the area inside the last cycle by writing a Matlab or C program. Also to comment on its significance. 
Spring 2016
For spring 2016 semester the project requirements was stated as follows:
(1) Use a simulation software such as Matlab, Solidworks, ABAQUS, COMSOL, CATIA, or AutoDesk to simulate a material property. For example bending, tension, compression, torsion. Most of these software can handle both CAD and simulation.
Or, (2) Using a simulation software such as Matlab, Solidworks, ABAQUS, COMSOL, CATIA, or AutoDesk simulate a manufacturing process. Example metal cutting, annealing, bending, forging.
Or, (3) Review a topic on material science or manufacturing and write a short report.
For (1) and (2) above the students were required to describe how the problem was set up including CAD, mesh generation, the boundary conditions, the results of their analysis, and any conclusions drawn therein. For (3) the work was meant to be performed individually while for (1) and (2) groups of up to 4 students was allowed.
This project assignment was done keeping in mind the significance of manufacturing simulation in the production operations of major corporations for modeling, analyzing, and optimizing their complex manufacturing operations. It was also conjectured that finite element modeling and simulation is probably the most basic and powerful tool that almost any engineer is required to possess to day. An exercise using this tool will help pave way for refinement and expertise in modeling and simulation and would be of vital help in other curricular courses that the students are required to take such as FEA, Heat Transfer, CFD, etc.
Results and Discussion
The only deliverable for both years was a project report per group. Peer discussion and exchange of ideas among groups was encouraged. Report formatting, organization, and style were expected to convey key learning effort and outcomes. The ABET objectives measured from the students report for spring 2015 and spring 2016 have been shown in Tables 3 and 4 respectively. 
The load-displacement and the corresponding true stress-strain plots for both monotonic tensile and cyclic tests, As one can see from the project assignment description, the spring 2015 project consisted of a set of well-defined tasks for each student group. The emphasis was placed on student engagement through use of hands-on work and collaboration. It also included a problem-solving aspect in that the students were asked to determine the modulus by fitting a straight line to the elastic portion of the tensile curve and then finding its slope. Together with it was the requirement of writing a Matlab/C code to determine the area inside a closed curve (last cycle).
The question on describing the differences observed ꞌbetween the test results of Aluminum and
Steel specimens for different cases of loadingꞌ, promoted critical thinking and communication.
Therefore the essential motivation was to re-confirm to the well-established perception that ꞌhands-on experiences will always outperform traditional or passive learning methodsꞌ. However hands-on activities should be done in a way to provide sufficient opportunities for reflection, metacognition and a deeper understanding of the principle or physical phenomena underlying the experimental activity. Poorly designed experiments would negate the benefits of hands-on learning. In order to explore the effectiveness of a modeling tool as a substitution for hands-on activity the project for spring 2016 was conceived. The ambit of tasks was much broader. In order to model a material test behavior or a manufacturing process the students would have to rely more on researching the conceptual details of the subject. Thus the emphasis was on acquiring strategic knowledge (knowing when, where, and how to apply the knowledge), learning the theory and enhancing conceptual understanding when proceeding with the project.
Any difference between the finite element simulation activity and the hands-on activity should be reflected in the project grades for the students. Appendix B lists the project topics selected by the students and the objectives met in their reports.
Some example simulation cases are shown below in Figures 8, 9 , and 10. 
Grading Criteria
This course was graded on the basis of two exams, a homework, a project, and class participation. The project constituted 15% of the final grade.
The project reports for spring 2015 were graded on the basis of relevant guidelines shown in Table 5 . These guidelines were based on the set ABET objectives mentioned in Tables 3 and 4 .
Here the term 'skill' implies 'level of proficiency displayed in performing the specific task'. For example, correct sample setup in the grips, calibration of the tensile tester before test, correct dimensional measurements, correct experimental data acquisition and processing and its proper presentation by means of plots and tables would lead to 100 out of 100 points. Each item in the left column was graded out of 100 points. This type of grading was not standardized against a well-defined set of rubrics and was mostly grader dependent, hence should definitely be considered as a future extension of this work. However since the grader was the same person for both the years, inaccuracies due to variations in grading are not significant. reinforces the long standing belief that actively engaging the student by means of hands-on curriculum components promotes effective learning to a sufficiently greater degree. Figure 12 shows the average skill wise grade distribution for the spring 2015 class (27 teams).
This assessment scheme was designed keeping in mind the relevance of the skills in the materials and manufacturing discipline. For any particular skill set the students were required to present evidence of having a very good understanding and command over the conduct of the specific test procedure. Figure 12 shows that while the students perform well in monotonic tensile testing, CAD design, report writing and scientific data analysis, they do not perform comparatively well in workshop skills like operating the water jet cutting machine, and hardness tester. They also lack good computer programming skills to some extent. There could be a number of reasons for this observation. One reason could be that these students were mostly freshmen and had not taken any machining classes or mechanical design or programming classes before. It was more of ꞌlearning by trying it for the first timeꞌ for most of the students. It would therefore be interesting to carry out a similar assessment for senior level students and compare the results to the present one. The project reports for spring 2016 were graded on the basis of relevant guidelines shown in Table 6 , also based on ABET objectives. Here again the term 'skill' implies 'ability to perform satisfactorily' and includes in its definition 'correct simulation, data processing and its proper presentation'. Each item in the left column was graded out of 100 points. FEA analysis Skill at using FEA based solver to simulate the experiment.
Initializing boundary condition, mesh types, data acquisition.
Scientific Conclusions Data Analysis and conclusions made thereof (scientific merit)
Reporting Skill in Technical Report writing. knowledge on material properties (mechanical, physical) and manufacturing process (metal cutting, forming processes, and casting process). It is quite likely that the project had a positive influence on the final exams. However this can only be confirmed by pursuing the idea suggested above or from some form of student surveys. Figure 14 shows the average skill wise grade distribution on the project for the spring 2016 class. It can be seen that while the students were strong in CAD design skills they were not quite good when it came to scientifically interpreting the results obtained or analyzing the finite element simulation case on a technically sound basis.
This can only be improved by further study such as taking advanced courses or multidisciplinary courses to broaden one's perspective and understanding of the fundamental knowledge on the various phenomena and processes related to materials and manufacturing. years. Based on a verbal survey of the students about on the influence of a hands-on project versus a simulation project on the learning outcomes of this course, their opinion was somewhat equally divided. They agreed that the skills acquired in a hands-on project was different than those acquired on a non-hands on project, and both were equally influential to the learning process.
Conclusion
At Rowan University a project component to the material and manufacturing course was included as an initial effort towards enriching the curriculum and creating a positive impact on the student learning experience. An underlying objective was to better meet the ABET program outcomes. The laboratory counted as 15% of the total course grade. For spring 2015, the students gained valuable hands-on experience in performing experiments on uniaxial tensile testing, cyclic tensile-relaxation and hardness testing on stainless steel ASTM dog-bone samples.
Reporting component was the team reports, on the basis of which they were graded. The students' observational and analytical skills were evaluated by posing a set of technical questions which were based on the experimental data obtained by them, on their laboratory report. For spring 2016 the project scope was widened and the students were instructed to use a finite element software to simulate a material behavior or write a research report on any topic in the materials or manufacturing discipline. They acquired valuable finite element modeling, CAD, simulation and data analysis and technical writing skills.
Results showed that the students performed significantly better on the project, the mean score on it being higher than the mean final course grade. While the students performed well in monotonic tensile testing, CAD design, report writing and scientific data analysis they performed comparatively poor on workshop/lab activities like operating the water jet cutting machine, and hardness tester. They were also weak in computer programming to some extent. They also lacked good discussion skills when it came to scientifically interpreting the results obtained or analyzing the finite element simulation case on a technically sound basis. It is difficult to conclude that the project activity led to an improvement in the final exam scores in anyway. Further research by way of soliciting student feedback is required or excluding the project component could be helpful in revealing the contribution of the project component towards the entire course.
Appendix A Uniaxial:
The uniaxial monotonic tensile tests were to be done at the rates around of 0.001 inch/sec (slow) and 0.010 inch/sec (fast) (see Figure 2) .
Cyclic:
The aluminum and steel specimens were tested at constant load rates.
For Aluminum
Cycle -1 → Force increases to 100 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate.
Cycle -2 → Force increases to 200 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate.
Cycle -3 → Force increases to 300 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate.
Cycle -4 → Force increases to 400 lb-f at a rate of 20 lb-f/sec, then returns to zero at same rate.
Monotonic → Force keeps increasing at a rate of 20 lb-f/sec until the sample fails.
For Steel
Cycle -1 → Force increases to 1000 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate.
Cycle -2 → Force increases to 1500 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate.
Cycle -3 → Force increases to 2000 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate.
Cycle -4 → Force increases to 2300 lb-f at a rate of 50 lb-f/sec, then returns to zero at same rate.
Monotonic → Force keeps increasing at a rate of 50 lb-f/sec, until it fails.
In addition the students had to determine the Rockwell hardness Report on: Tungsten in Manufacturing A review of Tungsten and its alloys in the manufacturing industry.
